Introduction
One of the most fundamental and unique features of Indian population structure is the division of its population into strictly defined hierarchical endogamous castes, tribes and religious groups (Figure 1 ) within any particular geographic region and/or linguistic category (Reddy et al., 2010; Malhotra, 1984; Malhotra & Vasulu, 1993) . However, it is the subdivision of each of these castes, tribes and religious groups into a number of endogamous subunits like subcastes or subtribes and the processes involved in this sub-structuring of the Indian population that makes it quite fascinating for population geneticists. Basically, two different models-fission and fusion-can explain this continuous process of subdivision and/or amalgamation/ admixture, although a totally contrasting model especially to negate the process of fission behind formation of subcastes has also been proposed and demonstrated with empirical evidence (Karve, 1961; Karve & Dandekar, 1951; Karve & Malhotra, 1968) . On the other hand, subsequently, number of investigators have documented situations where in a number of endogamous subcastes, subtribes and/or breeding isolates have arisen within a single caste or tribe which had a relatively greater genetic affinity among them as compared to other such groups (Malhotra, 1978 (Malhotra, , 1979 Reddy, 1983 Reddy, , 1984 Reddy, , 2010 Reddy et al., 1995 Reddy et al., , 1999 Reddy et al., , 2001a Reddy et al., , 2001b Reddy et al., , 2001c Reddy et al., , 2007 Crawford et al., 2001; Mitchell et al., 2006; Kumar et al., 2004 Kumar et al., , 2007 . A number of different factors and/or processes have been implicated to be responsible for such subdivisions and subsequent maintenance of their endogamy with distinct group identity (Malhotra, 1978 (Malhotra, , 1979 Reddy, 2010) .
Admixture is also a continual process, which occurs over many generations. The correct identification of ancestral populations and the degree of asymmetry in gene flow (sex biased admixture) are important issues in the admixture studies (Chakraborty, 1986) . Recent studies indicate the trend of studying ethnic admixture by identifying the patterns of paternal and maternal gene flow and their contribution to the gene pool of the admixed group, which is made possible with the analysis of Y-chromosome (paternal) and mtDNA (maternal) specific markers (Dipierri et al., 1998; Kittles et al., 1999; Kivisild et al., 1999; Kivisild et al., 2002; Kivisild et al., 2003) . India offers immense variety of such situations, which continue o fascinate evolutionary anthropologists. The interest in dis-secting Indian population structure has therefore been redoubled in recent years, especially with the proliferation of DNA (2 s considered as an Austro-Asiatic group, particula identify the Lyngngam as "Megam", one of the subtr rally intermediate between the Khasis and th hur, 1979) . T n of the Lyngngam and given th convincingly. However, based on the linguistic affiliation, it appears that the Lyngngam might have been relatively more akin to the Khasi than to the Garo. The Lexico-Statistical it with a population of about 7000 individuals organiz ed from 515 subjects, after obtaining written informed consent. These subjects r Garo, all the 7 a. The sampled populas that could be successfully sc examine if Lyngngam has any specific and close relationship technology and development of rapid screening techniques.
Meghalaya is one of the states of Northeastern India (Figure 2 ) inhabited mostly by the tribes whose population is ~2,306,069 001 census). Amidst the ethnic majority of populations with East Asian physical features and speaking Tibeto-Burman languages in the northeastern region, while the Khasi represents Khasi-Khmuic (earlier categorized as Mon-Khmer) speakers of the Austro-Asiatic linguistic family (Diffloth, 2005) , occupying the central and eastern regions of Meghalaya, the Garo represents Tibeto-Burman speakers of the state, inhabiting the regions towards the west. These are the two overwhelmingly predominant, indigenous and linguistically distinct tribal clusters that inhabit Meghalaya, and follow the system of matrilineal descent and matrilocal residence. These two tribal clusters are found to be genetically also quite distinct (Reddy et al., 2007) . Sandwiched between these two linguistically and genetically contrasting populations of Khasi and Garo there is a small tribe of shifting cultivators known as Lyngngam, which inhabits the border areas of west Khasi Hills and South Garo Hills of Meghalaya. Because of its unique geographic position with territorial proximity to both the Khasi and Garo, the origin of the Lyngngam has been disputed, and is claimed to be a subtribe of both the tribes. Based on the prevalent notions, the origin and ethnic position of the Lyngngam can be categorized as follows:
1) Based on the physical features and linguistic similarity, Lyngngam i rly under the Mon-Khmer subfamily (Gurdon, 1907; Grierson, 1928; Barrett, 1982) . The contemporary Khasis therefore consider the Lyngngam as one of the Khasi subtribes (Rodborne, 1977) .
2) Bhattacharjee (1978) , Sangma (1981) and a majority of the Garos ibes of the Garo.
3) A mixed/hybrid group (Playfair, 1909; Bareh, 1967; Nongsiang, 1994) , cultu e Garos (Ehrenfels, 1955) . There are only a couple of clans that are unique to Lyngngam, many other clans have affinity with and exogamous to certain clans of either the Khasi or Garo, suggesting probably their evolution from a common ancestor. Likewise, there are similar as well as distinctive socio-cultural features of Lyngngam when compared to the neighbouring Khasi and Garo (Langstieh & Reddy, 1999 , 2004 . 4) A distinct tribe, probably with an independent origin, certainly not a sub-tribe of either the Khasi or Garo (Mat he preliminary genetic and dermatoglyphic evidences (Ahmed et al., 1997; Thapa et al., 1998) support the Lyngngam as biologically distinct from both the Khasi and Garo. Concurrent to this most of the informants believe that they were the autochthons of the present habitat in western Meghalaya. The analysis of folk narratives of the Lyngngam, "Kon Bli", suggests that their ancestors were explorers and warriors who came to Meghalaya and defended the land that they presently occupy (Langstieh & Reddy, 1999 , 2004 , suggesting probably the independent origin of this tribe.
From the foregoing information, no clear answers emerge regarding origin and ethnic positio e type of available data it was not possible to resolve the issue Analysis (Swadesh, 1950 (Swadesh, , 1951 (Swadesh, , 1972 of the 200 Lyngngam and the corresponding Khasi words collected by us suggests that although Khasi and Lyngngam both speak the broad KhasiKhmuic language of the Austro-Asiatic family, their speech forms might have been separated around 1500 years ago (CI: 1.69 M -2.09 M years) from a common speech form (Langstieh, 2003) . Our recent exploratory studies (Langstieh & Reddy, 1999 , 2004 of this small tribe based on demography, ethnohistory, marital networks, clan structure and other population structural measures suggest that Lyngngam as a whole forms an endogamous un ed into about 1400 households. However, 22% of the Lyngngam marriages were contracted outside this tribe (Langstieh & Reddy, 1999 , 2004 , a great majority of those male spouses coming from the neighbouring Khasi and Garo. The majority of the Khasi contributors to the Lyngngam fold hail from the neighbouring Nongtrai, Maram, War, Bhoi and Khynriam subtribes in the decreasing order of frequency and a great majority of the 29 Lyngngam clans were involved in the exogamous interactions. Further, the Lyngngam clans suggest a relatively greater degree of commonness with the Khasi although a couple of Lyngngam clans could be traced as common with the Garo as well (Langstieh & Reddy, 1999 , 2004 . Although the uniquely identified Lyngngam specific clans suggest that they might represent the founding ancestors of this admixed population, given the Austro-Asiatic affinity of the Lyngngam dialect and the names of Lyngngam clans suggest probable Khasi origin of this tribe. Due to its geographic position, this tribe might have later developed marital interactions with the neighboring Tibeto Burman Garos. Given the above scenario, there is strong possibility that the gene pool of the Lyngngam may have distinct genetic signatures from both these putative parental populations (Khasi and Garo), while the former is likely to have overwhelming contribution to the genetic makeup of the Lyngngam. The results based on molecular genetic markers, particularly the uniparental mitochondrial DNA (mtDNA) and Y chromosome (NRY) markers, should reflect these expectations in a more conclusive way. In the present paper, we shall outline the findings based on the analysis of molecular genetic markers-autosomal, mtDNA and Y-chromosome-and test the degree of correspondence between the molecular genetic evidences and the patterns expected from the ethno-historic and demographic information and estimate genetic contributions of different source populations to the gene pool of Lyngngam.
Materials and Methods

Collection of Blood Samples
About 5 ml of intravenous blood samples were collect epresent, besides Lyngngam and subtribes of the Khasi tribe of Meghalay tions and the number of subject reened for different sets of markers are given in Table 1 . As the language of Lyngngam is known to be similar to that of the Khasi, blood samples were also collected from all the 7 subtribes of the Khasi besides the neighboring Garo. This may help B. T. LANGSTIEH ET AL. stanal., 1989) . The extracted DNA was method followed by verificatio allele length of DYS389I from DYS389II. Further, mtDNA hypervariable segment I (HVS I) and hypervariable segment II (HVS II) of the mtDNA control region were amplified and sequenced by means of the procedures described in a recent cs, Mishima, Japan. Pairwise F ST HVSI and HVSII sequences using ider et al., 2000) . In order to assess the ro * Dialectical gro i.
\
y of t e evi ecisely help trace its origin.
Ethics Statement
The samples were collecte all the subjects. This tional Review Comm umans.
Laboratory Analyses
DNA w dard protocol (Sambrook et quantified by spectrophotometer n in 0.8% agarose gel (Sambrook et al., 1989) . AmpFlSTR Profiler Plus kit (ABI, Applied Biosystems, USA) (Applied Biosystems, 2001), which consists of 9 Autosomal STR loci, was amplified as per the manufacturers instructions. Amplified samples were analyzed in ABI 377 automated DNA sequencer and GeneScan and Genotyper softwares (ABI) were used to obtain the allelic designations at the D3S1358, D8S1179, D5S181, vWA, D21S11, D13S317, FGA, D7S820 and D18S5 loci. We have also typed the following 6 Y-STR loci: DYS19, DYS389I, DYS389II, DYS390, DYS391 and DYS393 which were amplified by multiplex PCR and were analyzed on ABI 3730 sequencer. The GENOTYPER software was used to analyze the fragment size. The fragment sizes of the alleles were converted into repeat units as suggested by Butler et al. (2002) . Allele length for DYS389b was obtained by subtracting the study (Kong et al., 2003) . Sequences were edited and mutations scored relative to the revised Cambridge Reference Sequence (Andrews et al., 1999) . Even though we have screened these samples for both mtDNA and Y-chromosome SNPs and haplogroups resolved, we have already published these data in an earlier paper (Reddy et al. 2007 ). The mtDNA sequence data and the STR frequency data can be obtained from the corresponding author on request.
Statistical Methods
For autosomal and Y-STR markers, the genetic distances were computed using the modified Cavalli-Sforza distance (D A ) measure of Nei et al. (1983) . These computations were performed using the NJBAFD program supplied by Dr. Takezaki, National Institute of Geneti distances were calculated for Arlequin ver 2.0 (Schne le of geographic distance in the genetic relationship between Lyngngam and the surrounding tribes of Meghalaya, we obtained mantel correlations, with the help of MANTEL package (Relethford, 1993) , between the geographic distance matrix and the genetic distance matrixes for different pairs of Meghalaya tribes using different sets of DNA markers. Finally, multidimensional scaling (MDS) of the genetic distances and the two dimensional plots of populations in multivariate space were obtained using SPSS version 7. We used Admix 2.0 package initially developed by Bertorelle and Excoffier (1998) for two parental populations and extended to any number of parental populations by Dupanloup and Bertorelle (2000) , for obtaining the admixture proportions of different putative parental populations.
Results
Phylogenetic Affinity of Lyngngam to Khasi and Garo
In order to trace the origin of Lyngngam from among the Meghalaya tribes we examined relative genetic distances of Lyngngam to the Khasi and Garo populations with reference to different sets of genetic m e 2). This was done in hasi, all al es and the Garo. It is intriguing to note that while th ng of the Lyngnin y single Khasi subtribe, the overall contributions of th and f the 7 pr arkers (Tabl two stages, first Lyngngam with the neighboring K Khasi and Garo and then Lyngngam with the 7 individu Khasi subtrib e Lyngngam shows much greater affinity to the Khasi when compared to the Garo in HVS I &II sequences-based distances as well as in autosomal STR-based distances, it shows greater affinity to the Garo in the Y-STR distances, suggesting dichotomous nature of their genetic relationship to Khasi and Garo. To see if Lyngngam is specifically close to any particular Khasi subgroup, the distance matrices were subjected to multidimensional scaling and the plots based on the first two dimensions are presented in Figure 3 . This analysis suggests relative closeness of Lyngngam to the neighboring Bhoi and Khynriam, when compared to the other Khasi tribes as well as to the Garo in the autosomal STRs whereas it shows closer affinity in the decreasing order to the neighboring Nongtrai, Khynriam and Pnar, and Nongtrai, Khynriam and War Khasi, respectively, in case of the HVS I & II sequences. This pattern is substantiated by the significant mantel correlation obtained between geographic and genetic distance matrices based on HVS I & II sequences (Table 3) . Given matrilineal descent, this may suggest founding of the Lyngngam maternal gene pool predominantly from a common Khasi source, especially since the maternal lineages remain relatively static and the admixture is primarily by way of males moving in from the surrounding populations. However, in case of Y STRs, Lyngngam is relatively closer to the Garo as well as to a few neighboring Khasi tribes viz. Khynriam, Maram and Pnar. Tables S4 and S5 . Overall, it appears that Khasi contribution to Lyngngam genetic constitution is overwhelmingly greater and more heterogeneous than the Garo, especially with reference to maternal lineages. In case of HVS I, 27 of the 40 haplotypes identified from 82 sequences are found to be Lyngngam specific, while it shares 7 haplotypes exclusively with Khasi and 6 with both the Khasi and Garo. Lyngngam shares no HVS I haplotype exclusively with the Garo. Among the 6 that Lyngngam shares with both Khasi and Garo, haplotype 3 and 7 are very predominantly found among the Garo, while haplotypes 9 and 19 are more widely shared with the Khasi. Of the 7 haplotypes that the Lyngngam exclusively shares with the Khasi, 17 and 38 are more widely found among the latter. Similarly, out of 35 haplotypes identified from the 73 Lyngngam HVS II sequences 20 were found unique to Lyngngam, 10 shared with both the Khasi and Garo and 3 and 2 with Khasi and Garo, respectively. It is interesting to note that nearly 60% of the Lyngngam samples represent the 10 haplotypes common to both the Khasi and Garo, while another 14% represent 5 more haplotypes that are found either in Khasi or Garo. Out of these 15, while haplotypes 2, 14 and 25 are widely represented by Khynriam, Nongtrai and Khynriam and Pnar, respectively, haplotypes 1 and 33 are most predominantly found in Garo.
Sharing Pattern of the Lyngngam Y-STR and mtDNA HVS I & II Haplotypes with other Meghalaya Tribes
Out of 54 Y-STR haplotypes identified from 60 male samples of Lyngngam, 30 were found to be unique to Lyngngam, while 14 and 7, respectively, were shared with Khasi and Garo. The remaining 3 haplotypes are shared with both Khasi and Garo, suggesting that nearly half of Lyngngam male lineages probably had either Khasi or Garo origin. Although Garo contribution to Lyngngam male lineages outweighs the contribution of an e Khasi (25%) seems markedly more heterogeneous as well as outweigh the Garo contribution (12%). This finding is somewhat at variance to the pattern observed on the basis of Y-STR allele frequency based distances in which Lyngngam is relatively closer to Garo. All the 7 subgroups of Khasi share haplotypes with Lyngngam although Khynriam and Bhoi share relatively more haplotypes when compared to others.
Contribution of the Khasi and Garo Tribes of Meghalaya to the Genetic Constitution of Lyngngam
Using the software Admix2.0, we obtained admixture proportions separately for the 9 autosomal STRs, mtDNA HVS I & II and 6 Y-STRs. The admixture analysis was structured into 3 categories with Lyngngam assumed to be the hybrid population and 1) Khasi and Garo, 2) "Neighbouring Khasi" (Nongtrai Maram), "Other Khasi" and Garo and 3) Garo and each o individual Khasi populations, respectively, as the putative parental populations. The results of each of the three analyses are esented in Table 4 . In the first case, the contribution of Khasi is found to be much greater and much more significant to the genetic make up of the Lyngngam, when compared to the Garo in both autosomal STRs (82% against 18%) and mtDNA HVS I and HVS II sequence data (78% against 22%). Furthermore, it is evident from the results that the contribution of the "neighbouring Khasi" subgroups (Nongtrai and Maram) is relatively much greater than those farther apart namely the "Other Khasi" groups. However, when the individual Khasi populations were considered the contribution of Garo (31%) in autosomal STRs is shown to be greater than any individual Khasi population; only Maram comes closer (28%) to the contribution of Garo. Nevertheless, given that the Garo represents the tribe as a whole, the results of comparison with the pooled sample of Khasi would be most apt. The situation is somewhat at variance in the case of mtDNA HVS I & II, where the neighbouring Nongtrai, one of the Khasi subtribes, contributes disproportionately highly to the genetic constitution of Lyngngam (~53%), On the other hand, the admixture proportions based on the allele frequency at the 6 Y-chromosome STR loci, contrary to Khasi (32%). Garo contribution is similarly high (6 comparison to the neighbouring Khasi (16%) and othe e groups (22%). Further, when individual Khasi subtribes are ution of Garo turns out to be much higher (79%).
riversity of this region as he other regions of the country (Clark et al., 2000; Dutt ; Cordaux et al., 20 these populations are somewhat permeable, creating possibiliconsidered as putative parental populations along with Garo, the contrib
Discussion
Northeast region of India was considered as an important corridor for historic and prehistoric movement of populations into and out of the Indian subcontinent (Clark et al., 2000; Cordaux et al., , 2004 Reddy et al., 2007) and provides complex population history characterized by multiple ethnic, linguistic and migration backgrounds. This has resulted in eno mous cultural (Hussain, 1991; Sharma, 1966) Langstieh et al., 2004b; Reddy et al., 2005) . Populations of this region are predominantly of tribal origin, interspersed with some caste populations. Composed of East Asian and European ethnic elements, they speak languages of three major linguistic families-Tibeto-Burman, Indo-European and AustroAsiatic. Unlike in the rest of India, the tribal boundaries of ties for exchange of genes among them. The Lyngngam tribe of Meghalaya whose genetic origins are being investigated is in the midst of Austro-Asiatic Khasi and Tibeto-Burman Garo, the two tribal clusters that primarily inhabit this state. Having been affiliated to the same linguistic group, there is every indication that the Lyngngam might have originated from the common source as that of the Khasi populations. However, given its geographic position contiguous to Garo and only to a couple of Khasi subtribes, the Lyngngam has had little day-to-day interaction with the majority of the Khasi sub-tribes. In the above background, despite the lack of mobility of female lineages in this matrilocal society, the high proportions of Khasi specific autosomal and mtDNA lineages observed in the Lyngngam and vice versa reflect that the initial constitution/founding of female lineages of the Lyngngam and Khasi sub-populations probably would have been from a common source. As far as the individual Khasi populations are concerned, the Nongtrai neighbor seems the most probable candidate to have contributed predominantly to the Lyngngam female lineages as reflected by not only the high proportion of admixture (~53%) with refer- (Langstieh & Reddy, 2004) . This is reflected partly in the high mantel correlation between geographic and genetic distance matrices based on mtDNA sequences as well as in the relative proximity of the Lyngngam to the Nongtrai in the MDS plot based on mtDNA distances (Figure 3) .
To sum up, the foregoing analyses of the ethnohistoric, linguistic and demographic information in conjunction with the molecular genetic evidence trace Khasi (more particularly the Nongtrai subtribe of Khasi) as the most probable parental source of the Lyngngam, which is consistent with the first of the four notions concerning the origin of this tribe as outlined in the introduction. Nevertheless, it is necessary to discount the possibility of Lyngngam origin from the sources outside Meghalaya/India, particularly from the populations of Southeast Asia, where from many Tibeto-Burman populations were known to have migrated to Northeast India, before any rational conclusion on their origin can be drawn. (1995) . Genetic affinities between migrant and parental populations of fishermen on the east coast of India. American Journal of Human Biology, 7, 51-63. doi:10.1002 /ajhb.1310070108 Reddy, B. M., & Chopra, V. P. (1999 . Biological affinities between the parental and migrant populations of fishermen of the east coast of India. Human Biology, 71, 803-822. ddy, B. M., Sun, G., Javier, R Re . L., Crawford, M. H., Hemam, N. S., & Deka, R. (2001a) . Genomic diversity at the 13 STR loci among the 7 subcastes of the substructured Golla population of southern Andhra Pradesh, India . Human Biology, 73, 175-190. doi:10.1353 /hub.2001 .0025 Reddy, B. M., Demarchi, D. A., & Malhotra, K. C. (2001b . Patterns of variation in a caste-cluster of Dhangars of Maharashtra, India. Collagium Antropologicum,25, 425-442. eddy, B. M., Pfeiffer, A., Crawford, M. H., & Langstieh, B. T. (2001) . Populatio R n substructure and patterns of quantitative variation among the Gollas of southern Andhra Pradesh, India. Human Biology, 73, 291-306. doi:10.1353 Biology, 73, 291-306. doi:10. /hub.2001 .0026 ddy, B. M., Naidu, V. M., Madhavi, V. K., Thangaraj, K., Kumar, V., Langstieh, B. T., Venkatramana, P. V., Reddy, A. G., & Singh, L. Re (2005) . Microsatellite diversity in Andhra Pradesh, India: Geneticstratification versus social stratification. Human Biology, 77, 803-823. doi:10.1353 Biology, 77, 803-823. doi:10. /hub.2006 . M., Langstieh, B. T., Kumar, V., Nagaraja, T., Aruna, M., eddy, B Thangaraj, K., Reddy, A. N. S., Reddy, A. G., & Singh, L. (2007) . Austro-asiatic tribes of northeast India provide missing genetic link between south and Southeast Asia. PLoS One, 2, e1141. Reddy, B. M., Tripathy, V., Kumar, V., & Nirmala , A. (2010 
